An equation system is developed to estimate current volume, projected basal area, and projected volume for merchantable even-aged stands of shortleaf pine in th& West Gulf region. The estimates indicate the expected volumes from the woods-run conditions encountered in practice.
INTRODUCTION
Shortleaf pine (Pinu.s echinata Mill.) with the widest range of any of the major southern pines, occurs in 22 states and is distributed over more than 440,000 square miles (U.S. Forest Service 1965) . Nearly half of the entire shortleaf resource is located west of the Mississippi River (Sternitzke and Nelson 1970) .
The most recent state-by-state field inventories conducted by the Forest Service during the nationwide survey report the standing volume of southern pine on commercial forest landl west of the Mississippi at 24 billion cubic feet (table 1 ), designating some 9 billion as shortleaf pine (table 2) . With heaviest concentration in the Ouachita Mountains, shortleaf pine is the only conifer, except scattered juniper, found naturally above 700 feet elevation in Arkansas, Missouri, and Oklahoma (Mattoon 1915) .
Although recognized as a valuable resource welladapted to intensive management, natural even-aged stands of shortleaf pine in its western range are not adequately documented concerning growth and yield. Yields for normally stocked stands were reported (U.S. Forest Service 1976 , Rev. 1929 based upon 188 plots located in the 12 southern states, and 'Rnner (1937) later used the results to determine timber growth of severa1 Arkansas soils. Schumacher and Coile (1960) reported yields for well stocked stands from 74 plots in the Piedmont of North Carolina. Brinkman, Rogers, and Gingrich (1965) investigated the lo-year growth and yield of a 30-year old natural shortleaf pine stand, thinned to different densities, in southeastern Missouri. Sander and Rogers (1979) later offered 21-year results from the same study.
Existing information has several limitations in application to the West Gulf. Misc. Publ. 50 (U.S. Forest Service 1976 , Rev. 1929 was based on temporary plots and the volumes are for normally stocked stands. Schumacher and Coile ( 1960) , based on temporary plot data from another region, give yields for only well stocked conditions. The Missouri study, though based on remeasurement plots, is limited geographically and to one site and initial age.
1Forest land that is producing or capable of producing crops of industrial wood and not withdrawn from timber utilization.
The relationships presented here have been observed on inventor-y plots located throughout the main commercial range of shortleaf in the West Gulf. Inventory data have much more unexplained variation than do data from controlled studies, and variables tend to be clustered rather than dispersed throughout their range of possible values. This type of information, however, has the advantage of depicting actual conditions confronting forest managers.
DATA
The data cited here are from statewide surveys conducted about every 10 years by the Forest Service. Sample plots are located at the intersections of a 3-mile-square grid. At forested plots, information was collected according to standardized procedure$ on lo-point samples systematically spaced 66 feet apart over about 1 acre.
Plots within the West Gulf Region were screened according to the following criteria: (1) at least half of the basal area in trees 5 inches and larger in the initial survey to be shortleaf pine; (2) al1 ten points recovered in the remeasurement tally; (3) site index information gathered from shortleaf sample trees; (4) the plots free of catastrophic mortality ; (5) the stands even-aged and natural in origin; and (6) plots undisturbed by logging or other activity between measurements. Dates of the surveys are Arkansas, 1969 and 1978; Louisiana, Texas, 1965 and 1975. forest land west of the Mississippi River, by state
The 153 plots meeting the screening criteria are geographically charted in figure 1. As expected, their locations tend to follow the distribution of the resource. The 4-state West Gulf region can be divided into two broad physiographic regions -the Coastal Plain and the Interior Highlands (figure 1). Louisiana and east Texas lie in the Coastal Plain, while east Oklahoma is in the Highlands. Arkansas is bisected diagonally by the line that divides the State into the two regions.
Site quality is lower in the Highland region. Three-fifths of the 153 plots fall in the Highland region, and their average site index is 62 feet. The average for the Coastal Plain plots is 81, a differential of 19 feet.
Merchantable cubic foot volumes of 3,861 shortleaf pine trees, 5 inches dbh and larger, were calculated from upper stem measurements taken during remeasurement surveys. The following volume equation was fitted to these data using weighted least squares.
Y=/3,,+&D2H, (1) Y = .002701DzH + .20438, R2= .976. The folIowing variables were calculated for each plot: ( 1) shortleaf site index from equations developed b.y Farrar (1975); (2) stand age at first and second measurements; (3) basal area in square feet per acre of shortleaf pine trees 5 inches dbh and larger at the first measurement and the basal area of these same trees at remeasurement; and (4) solid wood volume from a 1-foot stump to a 4-inch top, outside bark, of trees included in the basal area calculations at both measurements. Individual tree volumes at both measurements were calculated using equation (1). The data were summarized according to procedures recommended by Beers and Miller (1964) for permanent point samples.
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MODEL DEVELOPMENT
A system of three equations for predicting projected basal area, current volume, and projected volume-previously applied to loblolly pine (Murphy and Sternitzke 1979)-was used here. It is:
where:
Ai =stand age, in years at the ith occasion, Bi Ebasal area in square feet per acre of shortleaf pine trees 5 inches dbh and larger, at the ith occasion, S =site index in feet at base age 50, vi =cubic foot volume (inside bark) per acre of shortleaf pine trees 5 inches dbh and larger from a 1-foot stump height to a 4-inch top diameter, outside bark, at the ith occasion, ai,&=parameters to be estimated. The symbol E( . . . ) denotes expected value of the quantity within the parentheses, and In is the logarithm to the base e. Equation (2) is used to determine In( B,), which then is used as an independent variable in equation (4). The equations were fitted using threestage least squares (SAS Institute 1979). DetaiIs about using three-stage least squares for estimation of timber growth and yield equation systems may be found in Murphy and Sternitzke (1979) .
The parameter estimates and their standard errors are shown in table 5. The stand volume equations accounted for 96 and 98 percent of the variation about mean cubic-foot volumes for current V1 and projected Vz stand volumes, respectively. The basal area equation explained 99 percent of the variation about mean projected basal area Bz. 'I'able 6 provides additional information on the predictive performance of the equation system. The mean differences indicate that current volumes are overestimated and projected volumes and basal areas are slightly underestimated. The root mean 
APPLICATION
The use of the equations to determine volumes is straight-forward. Projected basal area can be determined by: volume increment is 70 feet.
Rh&E%4
____ ___ _________ cubic feet __ ______--------
_______ percent-------
__________-_----squaref&, _-_-------------
Solutions for current volumes, @ven basal areas 60, 70, and 80 square feet per acre and site index 70, are in figure 2. Projected basal areas for these starting basal area levels at age 30 are shown in figure 3 , and the associated cubic volume development for the same stands is depicted in figure 4 .
Equations (5) and (6) or tables 7-14 in the appendix can be used to indicate expected yields under different thinning regimes. Suppose a 20-year-old shortleaf stand with 100 square feet of basal area occurs on land with a site index of 80 feet. Two management alternatives are being considered-( 1) thin to 80 square feet at age 20 and every 10 years thereafter until age 50, when the stand is clearcut, or (2) thin back to 80 square feet at age 20 and make no further intermediate cuts during the 50-year rotation. What might be the yields under these two alternatives?
The current volume of a 20-year old stand with 100 square feet of basal area and site index 80 is reported in appendix table 14. The volume of this stand is 1,321 cubic feet. To find the volume of the stand after being cut back to 80 square feet, consult table 12, which gives volumes and basal areas for stands with a current density of 80 square feet. That volume is 1,029 c ubic feet. The cut is 1,321-1,029 or 292 cubic feet. Still using table 12, the projected volume at age 30 of a residual stand of 80 square feet at age 20 is 2,178 cubic feet. The volume after cut at age 30 with basal area of 80 square feet is 1,582 cubic feet, and the cut is 2,178-1,582 or 596 cubic feet. The beforeand after-cut volumes and the harvest volumes for ages 40 and 50 can be found in like manner. The standing volume at age 50 is 2,704 cubic feet according to table 12. At this time the entire stand is harvested. Given these stand volumes and cuts, the following tabulation can be constructed. The total yield production for this alternative is 4,124 cubic feet. The after-cut basal area for the second alternative is the same at age 20,80 square feet with the identical cut volume. Only one additional item of information is required to find the total yield-the projected volume of the stand at age 50 years, given a basal area of 80 square feet at age 20. In table 12, that volume is listed as 3,969 cubic feet. The total yield would be 3,969+292 or 4,261 cubic feet. Hence, the management alternative of thinning every 10 years yields slightly less merchantable cubic foot volume than no thinning beyond age 20. No inferences should be made from this example regarding either cubic volume production for other merchantability standards or board foot yields. The underlying assumption in calculating all these yields is that a stand of a given age and site cut back to a residual density will have the same volume and behave in a manner similar to an unthinned stand of the same density.
Another potential application of the equations is to find volume differentials existing between different areas. For example, it was previously stated that the site index for the Coastal Plain plots used in this study was 81 feet versus 62 feet for those in the Interior Highlands. If these averages are indicative of the site differences between these regions, the stand volume equation can be used to calculate the difference in volume production expected for stands of similar ages and densities on average sites for the two regions. The difference can be calculated as a ratio VC/VH, where Vc is the volume for the average site on the Coastal Plain and VH is the volume for the average site in the Highlands. The expected yield for an average site in the Coastal Plain is 27 percent greater than the average site in the Highlands for stands identicalin age and density.
The user should be aware that predictions are better for stands that fall within the range of the sample data (table 3) . Predictions outside this range can be made, provided that the estimates are treated with caution and judged by the experience of the user. Projections of 10 years can be approached with the greatest confidence, since this was the average remeasurement period for the plots used in this study. Although projected basal areas and volumes look realistic and reasonable for long-term projections, they should be used with the awareness that the estimates w-i11 be less reliable as the length of the projection period increases.
The volume and density increases measured in this study involve only shortleaf trees that were 5 inches and greater at the first measurement. That ingrowth is not included should be considered when using these models, particularly for younger age classes where ingrowth can be significant.
The examples of potential applications are not exhaustive. The tables and equations should provide helpful guides to forest managers who are faced with making decisions for forests paralleling woods-run stands represented by this study.
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